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(57) ABSTRACT

A wireless communication device capable of changing a
communication parameter to be used according to a sur-
rounding situation includes a learning database that stores,
in association with each other, the surrounding situation of
the wireless communication device and a communication
performance in a case where communication 1s performed
by using a given communication parameter, a plurality of
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sensors, surrounding situation determination unit configured
to determine the surrounding situation of the wireless com-
munication device from information obtained from the plu-
rality of sensors, communication parameter candidate deter-
mination unit configured to refer to the learning database to
determine candidates for the communication parameter that
are appropriate 1n the determined surrounding situation,
communication parameter determination unit configured to
determine the communication parameter used 1 communi-
cation from among the candidates determined by the com-
munication parameter candidate determination unit based on
the requirement of the communication, and wireless com-

munication unit configured to perform communication by
using the communication parameter determined by the com-
munication parameter determination unit. With this, 1t 1s

possible to select an appropriate communication parameter
according to the surrounding situation of the wireless com-

munication device.
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WIRELESS COMMUNICATION DEVICE
AND WIRELESS COMMUNICATION
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/241,787, which 1s a national phase appli-
cation of International Application No. PCIT/IP2012/
071847, filed Aug. 29, 2012, the contents of each which are

incorporated herein by reference.
TECHNICAL FIELD

The present invention relates to wireless communication
technology, and particularly relates to wireless communica-
tion technology for determining an appropriate way of
communication in consideration of the surrounding situation
and the requirement of an application.

BACKGROUND ART

In order to enhance frequency use efliciency, advances are
made 1n the study of cognitive wireless communication in
which a wireless communication device recognizes and
identifies the surrounding radio wave environment, and
adaptively changes a frequency and a radio system for use
in wireless communication. In the cognitive wireless com-
munication, the wireless communication device autono-
mously and actively detects and uses available frequencies
(PTL 1).

However, there 1s no existing study on determining which

part of the detected available frequencies (white space) to
use.

In addition, 1n a case where the wireless communication
device moves at high speed such as a vehicular wireless
network, the radio wave environment significantly changes.
Consequently, even 1n a case where the same frequency and
the same radio system are used, 1t 1s necessary to adaptively
change communication parameters and the like in order to
maintain communication performance. Although 1t 1s known
that the wireless communication performance significantly
depends on the surrounding situation (context), there 1s no
existing study other than a study that a few communication
parameters are adaptively changed based on limited infor-
mation on the surrounding situation.

CITATION LIST

Patent Literature

PTL 1: Japanese Patent Application Laid-open No. 2010-
136291

SUMMARY OF INVENTION

Technical Problem

As the number of sensors mounted on a vehicle increases,
more information on the surrounding situation can be
obtained. However, the above-described prior art can only
optimize limited communication parameters and lacks scal-
ability for optimizing more communication parameters.
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2

An object of the present invention 1s to provide a tech-
nology for selecting the appropriate communication param-

cter according to the surrounding situation of the wireless
communication device.

Technical Solution

The wireless communication device of the present mnven-
tion changes the communication parameter to be used
according to the surrounding situation by the following
configuration. That 1s, the wireless communication device of
the present invention includes a learning database that
stores, 1n association with each other, a surrounding situation
of a first wireless communication device, a predetermined
communication parameter, and a communication perior-
mance 1n communication in a case where the communica-
tion 1s performed between the first communication device
and a second communication device by using the predeter-
mined communication parameter, a plurality of sensors,
surrounding situation determination means for determining
a surrounding situation of a host device from i1nformation
obtained from the plurality of sensors, communication
parameter determination means for referring to the learnming,
database to determine candidates of the communication
parameter that are appropriate in the surrounding situation of
the host device, and wireless communication means for
performing communication by using the communication
parameter determined by the communication parameter
determination means.

In the learning database, the surrounding situation of the
transmitting wireless communication device (first wireless
communication device), the communication parameter used
in communication, and the communication performance 1n
the commumication are stored. Learning data stored in the
learning database may be data generated based on the
communication actually performed by the host device, and
may also be data generated based on the communication
performed by other wireless communication devices. In
addition, the learning data may also be generated not from
the actually performed communication but from the result of
simulation.

By adopting the learming database described above, 1t 1s
possible to derive the communication performance from the
surrounding situation on the transmitting wireless device
and the communication parameter. That 1s, 1f the surround-
ing situation on the transmitting wireless device 1s found out,
it 1s possible to determine the communication parameter that
optimizes the communication performance.

It 1s preferable to determine which communication param-
cter 1s adopted according to the requirement of the applica-
tion that performs the commumcation ultimately. Conse-
quently, in the present invention, the communication
parameter determination means preferably determines can-
didates for the communication parameter that are appropri-
ate 1n the surrounding situation of the host device, and
preferably determines the communication parameter used in
communication from among the candidates based on the
requirement of the communication.

In the present invention, as the communication parameter,
one or a plurality of the communication parameters related
to each of a transport layer, a network layer, a data link layer,
and a physical layer can be used. Subsequently, the com-
munication parameter determination means determines the
appropriate candidate for each parameter corresponding to
the surrounding situation. Examples of the commumnication
parameter include choice of protocol (connection orienta-
tion) and congestion window 1n the transport layer.
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Examples thereof include communication connection mode,
routing scheme, and routing metric 1n the network layer.
Examples thereof include contention window and choice of
MAC system (CSMA, TDMA, or FDMA) 1n the data link
layer. Examples thereof include modulation coding system,
MIMO scheme, bandwidth, used frequency, transmission
rate, and transmission power in the physical layer. However,
in the present invention, the communication parameter to be
adjusted may be any communication parameter, and the
communication parameter other than those mentioned above
may be changed according to the surrounding situation. In
addition, 1instead of changing the communication parameters
related to all of the transport layer, the network layer, the
data link layer, and the physical layer, the communication
parameter related to a part of the layers may also be changed.

The wireless communication device according to the
present invention can be a vehicle-mounted wireless com-
munication device mounted on a vehicle. Herein, the
vehicle-mounted wireless communication device includes
not only the wireless communication device provided 1n the
vehicle but also the wireless communication device that can
be brought into the vehicle and 1s capable of acquiring
information from the plurality of sensors for determining the
surrounding situation. For example, the vehicle-mounted
wireless communication device includes the wireless com-
munication device capable of connecting with an in-vehicle
network via wired or wireless connection to acquire infor-
mation from various sensors of the vehicle.

In addition, 1n the present invention, as sensor iformation
for determining the surrounding situation, 1t 1s preferable to
use at least one of the location, speed, and acceleration of the
vehicle, and the number of surrounding vehicles. The loca-
tion of the vehicle can be obtained from a GPS device. In
addition, the location information obtained from the GPS
device may be corrected by matching information obtained
from a gyroscope or a vehicle speed sensor with map
information. Note that the location information may indicate
not only latitude/longitude information but also any of an
urban area, a suburban area, and a rural area, and any of a
highway, a national road, and a general road. These infor-
mation 1items can be obtained by combining the GPS 1inifor-
mation with the map imnformation. The speed and accelera-
tion of the vehicle can be obtained from a speed sensor and
an acceleration sensor. The number of surrounding vehicles
can be obtained by the wireless communication means and
an 1n-vehicle camera. For example, 1n a case where the
individual vehicles perform communication periodically, 1t
1s possible to grasp the number of surrounding vehicles by
receiving the communication. In addition, the number of
surrounding vehicles may also be acquired by performing
image processing on images obtained from the in-vehicle
camera of the host vehicle. Further, in a case where a
roadside unit grasps the number of vehicles using a camera
or the like and notifies via wireless communication, 1t 1s also
possible to grasp the number of surrounding vehicles by
receiving the notification. Note that, as the sensor informa-
tion, various information items such as distances with sur-
rounding vehicles or obstacles, raintall, brightness, and the
remaining amount of fuel or a battery can be used for
determining the surrounding situation in addition to the
information items described above.

Further, 1n the present invention, the wireless communi-
cation device preferably further includes historical informa-
tion storage means for storing, in association with each
other, the communication parameter and the communication
performance of the communication performed by the wire-
less communication means and the current surrounding
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situation of the host device as historical information, and
historical information transmission means for transmitting
the historical information stored 1n the historical information
storage means to a server device.

Furthermore, 1n the present invention, the wireless com-
munication device prelferably further includes historical
information storage means for storing, in association with
cach other, the communication parameter and the commu-
nication performance of the communication performed by
the wireless communication means and the current sur-
rounding situation of the host device as historical informa-
tion, historical information transmission means for transmit-
ting the historical information stored in the historical
information storage means to a server device, and historical
information communication means for receiving the histori-
cal information accumulated 1n the server device.

Thus, the communication parameter actually used by the
wireless commumnication device and the communication per-
formance 1n the communication are stored in association
with each other, accumulated in the server device, and
distributed to other wireless communication devices,
whereby 1t 1s possible to collect and accumulate the histori-
cal information to determine the appropriate communication
parameter with excellent accuracy.

In the present invention, it 1s also preferable to determine
the communication parameter 1n consideration of not only
the surrounding situation of the host device but also the
surrounding situation of a wireless communication device of
a communication partner. In this case, the wireless commu-
nication device according to the present invention preferably
further 1includes communication partner surrounding situa-
tion acquisition means for acquiring the surrounding situa-
tion from the wireless communication device of the com-
munication partner, the learning database preferably further
stores a surrounding situation of the second wireless com-
munication device in association with the communication
performance 1n the communication, and the communication
parameter determination means preferably refers to the
learning database to determine the communication param-
cter that 1s appropriate in the surrounding situations of the
host device and the communication partner.

Note that the wireless communication device of the
“communication partner’” of which the surrounding situation
1s to be acquired 1s not necessarily limited to one wireless
communication device. For example, 1n a case where broad-
cast or multicast communication 1s performed to a plurality
of the wireless communication devices, there are a plurality
ol the wireless communication devices of the “communica-
tion partners”. However, even 1n this case, it 1s not necessary
to acquire the surrounding situations of all of the commu-
nication partners, and the communication parameter may
also be determined from the surrounding situations of a part
of the communication partners.

Thus, since the appropriate communication parameter 1s
determined 1n consideration of the surrounding situations of
the wireless communication devices on both sides that
perform communication, 1t 1s possible to determine the
communication parameter that 1s more appropriate than the
communication parameter 1n a case where the communica-
tion parameter 1s determined in consideration of the sur-
rounding situation ol one of the wireless commumnication
devices.

Note that the present invention can be considered as the
wireless communication device having at least a part of the
means described above. In addition, the present invention
can also be considered as a wireless communication method
that execute the above processes, or a program for 1imple-
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menting the method. The present invention can be consti-
tuted by combining as much as possible the means and
processes described above with each other.

Advantageous Elflects of Invention 5

According to the present invention, it 1s possible to select
an appropriate communication parameter according to the

surrounding situation of the wireless communication device.
10

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing the functional con-
figuration of a wireless communication device according to
a first embodiment; 15

FIG. 2 1s a view for explaining a method for acquiring
historical data in the first embodiment:

FI1G. 3 1s a view for explaining the selection of a candidate
for a communication parameter in the first embodiment;

FIG. 4 1s a view for explaining the selection of the 2V
candidate for the communication parameter in the first
embodiment;

FIG. § 1s a flowchart showing a historical database
creation process in the first embodiment;

FIG. 6 1s a flowchart showing a communication parameter 2>
determination process in the first embodiment;

FIG. 7 1s a block diagram showing the functional con-
figuration of a wireless communication device according to
a second embodiment;

FIG. 8 is a flowchart showing the historical database 3Y
creation process in the second embodiment;

FIG. 9 1s a flowchart showing the communication param-
cter determination process 1n the second embodiment;

FIG. 10 1s a flowchart showing a classifier creation
process in a third embodiment; and 33
FIG. 11 1s a view showing an example of the classifier

(decision tree) created 1n the third embodiment.

DESCRIPTION OF EMBODIMENTS

40

With reference to the drawings, preferred embodiments of
the present invention will be described 1n detail by way of
example.

First Embodiment 45

A wireless communication device according to the present
embodiment determines a surrounding situation (context)
from sensor information and selects appropriate communi-
cation parameters corresponding to the context to perform 50
communication. Note that, in the present embodiment, a
description will be given by using a vehicle-mounted wire-
less communication device mounted on a vehicle as an
example. However, the present invention 1s not limited to the
vehicle-mounted wireless communication device, and may 55
be i1mplemented as a wireless communication device
mounted on any mobile unit, a portable wireless communi-
cation device, or a stationary wireless communication
device.
<Configuration=> 60

FIG. 1 1s a schematic view showing the functional con-
figuration of the wireless communication device according
to the present embodiment. The wireless communication
device 1 includes a plurality of sensors 2, a sensor infor-
mation collection section 3, a map information storage 65
section 4, a historical database 5, a context determination
section 6, a communication parameter candidate determina-

6

tion section 7, an application program 8, a communication
control section 9, a wireless communication section 10, a
historical data transmission/reception section 11, and an
other vehicle information collection section 12. Note that
cach of the functional sections such as the sensor informa-
tion collection section 3, the context determination section 6,
the communication parameter candidate determination sec-
tion 7, and the communication control section 9 can be
implemented as, e.g., an FPGA (Field Programmable Gate
Array), but 1t may also be implemented as an ASIC (Appli-
cation Specified Integrated Circuit) or an MPU (Micro
Processor Unit). Thus, each functional section may be
implemented only by hardware, and may also be imple-
mented by execution of a computer-readable program stored
in a non-transitory storage device by a processor (computer).

Each of the sensors 2 1s a sensor for collecting information
on a vehicle on which the wireless communication device 1
1s mounted and the environment in which the vehicle 1s
positioned. Examples of the sensor 2 include a GPS (Global
Positioning System) device, a speed sensor, an acceleration
sensor, a steering angle sensor, a brake sensor, a milliwave
radar, a laser radar, an ultrasonic sensor, an external camera,
an infrared camera, a rain detection sensor, a brightness
sensor, and a fuel/battery level sensor. It 1s possible to detect
the current location (latitude, longitude, and altitude) of the
vehicle by the GPS device, and grasp characteristics of the
current location (urban, suburban, or rural area, and high-
way, national road, or general road) by combining the
current location with map information. The milliwave radar,
the laser radar, and the ultrasonic sensor allow grasping of
distances with other vehicles or objects. It 1s also possible to
grasp the distance with other vehicles or objects using the
external camera, and it 1s also possible to acquire the number
of surrounding vehicles. The infrared camera 1s used for
detecting surrounding objects at night. As the rain detection
sensor, what 1s called a rain sensor may be used and a sensor
for detecting ON and OFF of a wiper may also be used. As
the brightness sensor, a sensor having a light receiving
clement may be used and a sensor for detecting ON and OFF
of a light may also be used.

In addition, as the sensor 2, wireless communication
means can be included. For example, the wireless commu-
nication means may receive various information transmitted
from, e.g., a roadside unit such as, e.g., tratlic information
and weather information. Further, the roadside unit may
acquire a trathc volume (the number of vehicles) and an
average moving speed using a camera and a vehicle speed
sensor and notily the vehicle of them via wireless commu-
nication. In a case where each vehicle (vehicle-mounted
wireless communication device) transmits information peri-
odically, the wireless communication means of the wireless
communication device 1 receives the communication, and
the number of vehicles in the viciity can be thereby
grasped.

The sensor information collection section 3 collects sen-
sor information from the plurality of the sensors 2, and
transiers the sensor information to the context determination
section 6.

The sensor information collected by the sensor informa-
tion collection section 3 1s also broadcast to the surrounding
vehicles by vehicle-to-vehicle communication. This broad-
casting can be performed periodically (e.g., every 100
millisecond).

The other vehicle information collection section 12
receives the sensor information transmitted from other
vehicles, and transtfers the sensor information to the context
determination section 6. Thus, the sensor information col-
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lected by the individual vehicles 1s broadcast, the surround-
ing vehicles receive the sensor information, and each of the
vehicles can thereby acquire the sensor iformation mea-
sured by the surrounding vehicles.

Note that, in the present description, the wording “sensor
information” 1s used to mean “combination of a plurality of
sensor information 1tems” for simplification of the descrip-
tion. However, this does not apply 1n a case where it 1s stated
explicitly that the individual sensor information items are
denoted or in a case where it 1s clear that the individual
sensor 1nformation items are denoted from contexts. In
addition, the “sensor information” includes not only 1nfor-
mation measured by the sensors of the host vehicle but also
information measured by the sensors of the other vehicles.

In the map information storage section 4, map nforma-
tion inclusive of information on roads and buildings 1s
stored. As the map information, information on character-
istics of each area such as, e.g., the traflic volume, the
average moving speed, a wireless communication amount,
and the usage state of frequencies may be stored. In addition,
several categories such as urban, suburban, and rural areas
may be appropriately set and information indicative of the
category to which each area belongs may also be stored as
the map information.

In the historical database 5, a context, a communication
parameter, and a communication performance are stored in
association with each other. Specifically, the communication
performance when communication 1s performed by using a
grven communication parameter 1n a given context 1s stored.
Note that, although the database 1s named the “historical”
database, it 1s not necessary to store the communication
performance of the actually performed communication. For
example, a value obtained by performing a statistical pro-
cess on the communication performance ol the actually
performed communication may be stored. In addition, the
communication performance obtained by simulation or the
like without performing the actual communication may also
be stored.

A method for acquiring data for creating the historical
database 5 (heremafter referred to as historical data)
includes several methods. As shown 1in FIG. 2A, the first
method 1s a method 1n which the historical data 1s generated
based on the communication that a wireless communication
device 100 has performed, and the historical data 1s stored
in the historical database 5. The wireless communication
device 100 can obtain the surrounding situation of the device
from the sensors 2 of the device. Regarding the surrounding
situation of a wireless communication device 200 of a
communication partner, the sensors of the communication
partner 200 acquires the surrounding situation thereof, and
the wireless communication device 100 can acquire the
surrounding situation via the communication. The commu-
nication parameter and the communication performance can
be acquired 1n the wireless communication device 100.
Consequently, the wireless communication device 100 can
generate historical data 101 and store the historical data 101
in the historical database 5.

As shown 1 the lower left part of FIG. 2B, the second
method 1s a method in which data generated based on the
communication performed by other wireless communication
devices 210 and 220 1s acquired via wireless communication
directly from the wireless communication device 210 or 220
or via a server device 230. Similarly to the case described
above, data 215 on the surrounding situation, the commu-
nication parameter, and the communication performance of
the communication between the wireless communication
devices 210 and 220 can be generated in the wireless
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communication devices 210 and 220. The wireless commu-
nication device 210 or 220 transmits the historical data 2135
to the wireless communication device 100 via wireless
communication, and the wireless communication device 100
stores the historical data in the historical database 5. The
historical data may be transmitted to the server device 230
from the wireless communication device 210 or 220, the
historical data from a plurality of the wireless communica-
tion devices may be accumulated 1n the server device 230,
and the accumulated historical data may be distributed to the
wireless communication device 100.

As shown 1n the lower right part of FIG. 2B, the third
method 1s a method 1n which a case where the communi-
cation 1s performed by using any communication parameter
between vehicles 1n any surrounding situation 1s simulated
by using a computer 300, and the communication perfor-
mance 1s calculated. Consequently, the computer 300 can
acquire the relationship among the surrounding situation, the
communication parameter, and the communication perfor-
mance 1n a case where wireless communication 1s executed.
The computer 300 transmits the data to the wireless com-
munication device 100 via wireless communication or other
methods, and the wireless communication device 100 stores
the historical data 1n the historical database 5. Though not
shown 1n the drawing, similarly to the case described above,
the historical data may also be distributed to the wireless
communication device 100 via the server device.

For achieving the object of determining the communica-
tion parameter corresponding to the context, i1t 1s suilicient
for the communication performance when the communica-
tion 1s performed using a specific communication parameter
to be stored, and the historical information 1tself does not
necessarily need to be stored. That 1s, 1t 1s sutlicient only 1t
the result of learning based on the historical information 1s
stored. However, in the present embodiment, 1t 1s an object
to measure the communication performance of the wireless
communication during operation to perform further leamn-
ing, and hence the historical information 1s stored in the
historical database 5. Thus, the historical database 5 in the
present embodiment serves as a learning database and
historical information storage means in the present mven-
tion.

Herein, as the communication performance, any index can
be adopted as long as the index indicates the performance of
the communication. As examples of the communication
performance, there can be adopted throughput, round trip
time (RTT), signal to noise ratio (SNR), bit error rate (BER),

and packet error rate (PER).

Note that various methods can be used to define the
“context”.

One of the methods 1s a method 1n which the combination
of acquired sensor information items 1s used as one context.
That 1s, 1n a case where there are N sensors 1n each of the
vehicle on the transmission side and the vehicle on the
reception side, one context 1s defined by the combination of
2N values. According to this method, the context 1s consid-
ered to be 1dentical with the sensor information so that 1ts
implementation 1s easy. In addition, original data 1s used
without being altered, and hence the historical information
can be eflectively used. However, many historical data items
need to be retained, and hence a large storage capacity 1s
required.

Another method 1s a method 1n which a designer defines
the context based on several sensor information 1tems. As a
simple example, four situations are assumed for each of the
vehicle on the transmission side and the vehicle on the
reception side with the number of surrounding vehicles




US 10,257,695 B2

9

(many/few) and the moving speed of the vehicle (fast/slow)
used as criteria, and 16 contexts as the combinations of these
are defined. It 1s a matter of course that three or more of the
sensor information items may be used, and each sensor
information item may be divided into more levels. This
method 1s advantageous 1n that the number of types of the
context can be set to the appropriate number. However, 1n a
case where the defimtion of the context is not appropriate,
the optimum communication parameter may not be selected.

Further, as another method, there can be considered a
method 1n which the definition of the context 1s automati-
cally set based on the collected sensor information and the
communication performance. By applying an appropriate
distance measure to the sensor information (the combination
of a plurality of the sensor information 1tems), the distance
(stmilarity) between the sensor information items can be
defined. Similarly, by applying an appropriate distance mea-
sure to the communication performance, the distance (simi-
larity) between the commumication performances can be
defined. According to this method, similar sensor informa-
tion 1tems that allow similar communication performances
to be obtained when the communication 1s performed by
using the same communication parameter are considered to
be 1dentical contexts. The required degree of the similarity
for determining the identical contexts may be approprately
designed according to required accuracy. Note that, even
when the communication 1s performed 1n the same environ-
ment (sensor information) by using the same communication
parameter, variations occur in the communication perfor-
mance. Consequently, as the collection of the historical data
progresses, the contexts that have been determined as 1den-
tical contexts can be judged as different contexts, and can
also be judged the other way around. This process method
increases the arithmetic calculation amount, but can define
the context more appropriately.

Note that the context does not need to be exclusive. That
1s, the context may be defined such that one situation
belongs to a plurality of the contexts. Consequently, each of
the number of surrounding vehicles (many/few), location
(urban area/suburban area/rural area), road shape (straight/
curve, multiple lanes/narrow), tratlic situation (smooth/
heavy), vehicle running situation (high speed/low speed,
accelerated/decelerated), and time and date (time zone, date,
day, season) can be defined as one context.

In the historical database 5, with regard to the commu-
nication performed by the wireless communication device 1,
the context, the communication parameter, and the commu-
nication performance are stored. It 1s preferable to transmit
the historical data stored in the historical database S to a
center server when the wireless communication environ-
ment 1s excellent. Conversely, 1t 1s also preferable to acquire
the historical data from the center server. In particular, 1n a
case where mformation on a given context 1s not stored 1n
the historical database 5, 1t 1s preferable to contact the center
server to acquire information on the communication param-
cter and communication performance of the context.

The context determination section 6 determines the cur-
rent surrounding situation (context) ol each of the host
device and the device of the communication partner based
on the sensor information acquired via the sensor informa-
tion collection section 2. The method for determining the
context from the sensor information will be apparent by
referring to the methods for defining the context described
above.

As shown i1n FIG. 3, the communication parameter can-
didate determination section 7 lists several candidates for the
communication parameter that are preferable 1n the current
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context by referring to the historical database 5 by using the
surrounding situation (context) of the host device and the
surrounding situation (context) of the device of the commu-
nication partner. Note that it 1s preferable to adaptively select
one or a plurality of the communication parameters for each
of a plurality of protocol layers (transport layer, network
layer, data link layer, and physical layer). Herein, the com-
munication parameter candidate determination section 7
determines the candidates for the communication parameter
so as to include the best selection by excluding the com-
munication parameter that 1s not preferable 1in the current
context rather than determining the optimum communica-
tion parameter 1n the current context. Note that the number
of values of one communication parameter selected as the
candidates may be appropnately designed.

An example of the communication parameter that 1s not
preferable includes a high transmaission rate (high modula-
tion level) 1n an urban area. In the urban area, the influence
of multipath 1s i1ncreased, and hence the communication
cannot be performed when the modulation level 1s extremely
high. Consequently, 1n the urban area as the context, with
regard to the modulation level (transmission rate) as the
communication parameter, the communication parameter
candidate determination section 7 selects, as the candidates,
the modulation levels from which the highest modulation
level (e.g., 64 QAM) 1s excluded.

In the context in which the number of surrounding
vehicles 1s large, high transmission power 1s not preferable
because 1t causes interference. Conversely, 1n the context in
which the number of surrounding vehicles 1s small, low
transmission power 1s not preferable because the possibility
that the communication 1s not established 1s increased.

Note that such decisions are preferably made 1n consid-
eration of the situations of both of the host vehicle and the
vehicle of the communication partner. For example, there 1s
a case where the number of surrounding vehicles of the host
vehicle 1s small, but the number of surrounding vehicles of
the vehicle of the communication partner 1s large. In this
case, 1t 1s possible to increase communication capacity (or
communication Irequency) in terms of the surrounding
situation of the host vehicle only. However, considering the
situation of the vehicle of the communication partner, 1t 1s
preferable to suppress the transmission capability. Conse-
quently, 1n a case where the number of surrounding vehicles
of the host device or the device of the communication
partner 1s large, the communication capability 1s suppressed.
Thus, when one of the devices 1s 1n a given situation, a
specific communication parameter 1s adopted. In addition, it
1s possible to determine that a specific communication
parameter 1s adopted in a case where both of the host device
and the communication partner are in a specific situation.

The communication parameter candidate determination
section 7 excludes the selection that 1s not preferable from
one or a plurality of parameters for each protocol stack. As
shown 1in FIG. 4, the communication parameter candidate
determination section 7 determines the combination of the
communication parameters obtained by excluding the com-
munication parameter that 1s not preferable for each protocol
stack, and notifies the communication control section of the
combination.

The application program 8 notifies the communication
control section 9 of QoS (Quality of Service) of the wireless
communication. For example, in the case of the application
related to vehicle safety, 1t 1s necessary to perform low-delay
reliable communication though 1ts throughput 1s low. Con-
versely, in the case of the application that sends entertain-
ment information, 1t 1s preferable to perform communication
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having high throughput though its reliability 1s low. The
application program 8 notifies the communication control
section 9 of such requirements of the application.

The communication control section 9 determines the
appropriate communication parameter {from among the can-
didates for the communication parameter sent from the
communication parameter candidate determination section 7
according to the requirement of the application program 8.
This selection can be implemented by using conventional
adaptive protocol technologies. At this point, since the
communication parameter that 1s not preferable apparently 1s
excluded from the candidates, the communication perfor-
mance 1s improved by performing the communication by
using the determined communication parameter.

Note that the communication control section 9 measures
the communication performance obtained as the result of
performing the communication by using the determined
communication parameter. Subsequently, the communica-
tion control section 9 stores the communication parameter
used 1n the communication and the context in the commu-
nication in the historical database 5.
<Process>
|[Historical Data Collection Process]

First, the method for creating the historical database 5
(learning process) will be described. Each of FIGS. 5A and
5B 1s a flowchart showing an example of the method for
creating the historical database 5.

FIG. SA shows the method for creating the historical
database 5 1n a case where the definition of the context is
grven 1n advance. First, the current sensor information of the
host vehicle 1s acquired from the plurality of the sensors 2,
and the current sensor information of another vehicle is
acquired from the other vehicle information collection sec-
tion 12 (S301). In addition, the communication parameter
used 1n the wireless communication and the communication
performance 1n a case where the communication 1s per-
tformed by using the communication parameter axe acquired
(S302). Note that, although it 1s preferable to use 1informa-
tion 1n a case where the wireless communication device 1 1s
actually used as the sensor information, the communication
parameter, and the communication performance, the infor-
mation may also be acquired by computer simulation.

From the sensor information of the host vehicle and
another vehicle, acquired in this manner, the current context
1s determined according to the predetermined definition
(S303). When the current context 1s determined from the
sensor information in this manner, the context, the commu-
nication parameter, and the communication performance are
stored 1n the historical database 5 1n association with each
other (S304). Thus, by accumulating the communication
performances of wvarious contexts and communication
parameters, 1t becomes possible to grasp the communication
performance 1n a case where any communication parameter
1s used 1n any context.

FIG. 5B shows the method for creating the historical
database 5 1n a case where the definition of the context i1s
changed according to the measurement result. First, the
current sensor information of the host vehicle 1s acquired
from the plurality of the sensors 2, and the current sensor
information of another vehicle 1s acquired from the other
vehicle information collection section 12 (58311). In addi-
tion, the parameter used 1n the wireless communication and
the communication performance in the case where the
communication 1s performed by using the communication
parameter are acquired (S312). Subsequently, the acquired
sensor information, communication parameter, and commu-
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nication performance are stored in the historical database 5
in association with each other (S313).

Next, based on the similarity of the sensor information
and the similarity of the communication performance, simi-
lar sensor information items that allow similar communica-
tion performances to be obtained when the communication
1s performed by using the same communication parameter
are determined as 1dentical contexts (5314). The similarity
of the sensor information or the communication perior-
mance can be defined by applying the approprniate distance
measure to these mformation 1tems. Specifically, the deter-
mination of the context can be performed by determining a
classitying parameter of a classifier using machine learning
such as neural network, support vector machine (SVM), or
Bayesian filter. In addition, 1t 1s also possible to obtain a
decision tree using the machine learning and determine the
context by using the obtained decision tree.

When the definition of the context 1s determined, the
correspondence between the communication parameter and
the communication performance 1s stored for each context
(S315). Herein, as the communication performance, a value
obtained by the actual communication may be used, but a
value obtained by statistical processes such as average and
variance 1s also preferable.
|[Communication Parameter Determination Process]

Next, a communication parameter determination process
will be described with reference to the flowchart of FIG. 6.
First, the sensor information collection section 3 acquires
the sensor information from the plurality of the sensors 2
(S401), and the context determination section 6 determines
the current context based on the acquired sensor information
(5402). The communication parameter candidate determi-
nation section 7 refers to the historical database 5 to deter-
mine the candidates for the communication parameter that
are appropriate 1n the current context (S403). This process 1s
performed by excluding the communication parameter inie-
rior in communication performance from among the com-
munication parameters and leaving the communication
parameter superior 1n communication performance.

In a case where the communication performance for each
communication parameter in the current context 1s not stored
in the historical database S, the communication performance
in the current context may be acquired from the center server
via the historical data transmission/reception section 11.

The communication control section 9 acquires the per-
formance required for the communication from the applica-
tion program 8 (S404), and determines the combination of
the communication parameters corresponding to the appli-
cation requirement from among the candidates selected 1n
Step S403 (5405). The communication control section 9
executes the wireless communication by using the deter-
mined communication parameters (5406).

In order to update the historical database 5 based on the
actually performed communication, the communication
control section 9 measures the performance of the commu-
nication, and stores the measured performance in the his-
torical database 5 together with the current context and the
communication parameter used i1n the communication
(S407). The detail of this process 1s equal to those 1 FIGS.
5A and 5B so that the detailed description thereotf will be
omitted.
<Operation Example>

Heremnbelow, a description will be given of a specific
example of a process of adaptively changing the communi-
cation parameter based on the context. Note that, in the
present embodiment, the communication parameter 1s
selected without replacing the existing protocol stack.
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First, a description will be given of the selection of the
communication parameter in the physical layer and the data
link layer based on an SNR measurement value. There 1s
known a technology for adapting the transmission rate, a
modulation scheme, and a coding scheme based on the SNR
measurement value. In the present embodiment, according
to the current context, the selectable modulation scheme and
coding scheme are limited, and the adaptive protocol selects
the appropriate modulation scheme and coding scheme from
among the limited combinations based on the SNR mea-
surement value. For example, it 1s known that, 1n the urban
area, even 1n a case where the SNR measurement value 1s
high, high communication performance cannot be obtained
when the high-order modulation/coding scheme 1s adopted.
Consequently, in the context 1n which at least one of the host
device and the device of the communication partner is
located 1n the urban area, the communication parameters
from which the high-order modulation/coding scheme 1is
excluded are sent to the communication control section as
the candidates, and the communication control section
selects the modulation/coding scheme from among the
received candidates. With this, 1t becomes possible to avoid
the high-order modulation/coding scheme in the urban area,
and 1t 1s possible to 1mprove the communication perfor-
mance in the urban area as the context.

Next, a description will be given of a process of adapting
the value of the contention window 1n CSMA/CA (Carrier
Sense Multiple Access/Collision Avoidance) according to
the number of surrounding wireless communication devices.
CSMA/CA 1s a protocol of the MAC layer, and 1s a scheme
in which each wireless communication device senses the
availability of a carrier before performing packet transmis-
sion, and starts the transmission 1n a case where the carrier
1s not used for a predetermined time. Herein, the sensing
time 1s determined for each wireless communication device
by using random numbers and packet collision between
terminals 1s thereby avoided. The range of the random
numbers corresponds to the contention window. The con-
tention window (CW) depends on the number of times of
retransmission during the packet transmission, and 1s rep-
resented by CW=(CW __ +1)*2"-1. In the expression, n 1s
the number of times of retransmission, and CW__ 1s the
initial value of CW.

In such a scheme, a problem arises 1n that overall total
throughput 1s reduced as the number of terminals on the
carrier 1s increased. It 1s reported that, when the packet
collision 1s repeated, the packet transmission requires a time
pertod maximum 80 times as long as that of a case where
there 1s no collision (when the number of terminals 1s 40).

The above problem 1s thought to arise because the nitial
value of the contention window 1s uniquely determined
according to the wireless system irrespective of the number
of wireless communication devices (existence density). That
1s, the probability of overlap of the random number 1is
increased with an increase in the number of terminals, and
unnecessary retransmission 1s performed.

Consequently, by properly setting the 1nitial value of the
contention window according to the number of wireless
communication devices, 1t 1s possible to avoid the packet
collision and reduce waiting time caused by the data retrans-
mission so that it 1s possible to suppress a reduction in
overall throughput.

In the present embodiment, information that the value of
the contention window that enhances the communication
performance 1s increased as the number of surrounding
wireless communication devices 1s larger 1s accumulated in
the historical database. Consequently, the communication
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parameter candidate determination section of the present
embodiment determines, as the candidates, the range of the

value of the contention window from which the range
apparently 1inferior 1 commumcation performance 1s
excluded according to the number of surrounding wireless
communication devices as the context information. The
communication control section determines the appropriate
value of the contention window from the candidates accord-
ing to the application requirement, and uses the value of the
contention window 1n the wireless communication. With
this, 1t 1s possible to avoid the packet collision and suppress
a reduction in overall throughput.

Note that, as a similar operation example, it 1s also
possible to determine which frequency band 1n the white
space 1s used by using the historical data. In the historical
database, the communication performances of the individual
frequency bands are stored for each location (further, for
cach time). Note that the communication performance
includes information indicative of the availability of the
frequency band. Consequently, the communication param-
cter candidate determination section of the present embodi-
ment can narrow the candidate for the appropriate frequency
band according to the current context.

Although the above description has described the example
in which one communication parameter 1s adaptively
selected according to the context, a person skilled in the art
would easily understand that a plurality of the communica-
tion parameters can be adaptively changed according to the
context by the combination of the above methods or other
methods.
<Operation and Effect of Embodiment>

According to the present embodiment, 1t 1s possible to
adaptively change the communication parameter and
improve the performance and reliability of the communica-
tion based on the context obtained from various sensor
information. In addition, according to the present embodi-
ment, 1t 1s possible to change not only the specific commu-
nication parameter in the specific communication protocol
but also any communication parameter. The number of
communication parameters to be changed and the number of
sensor information items serving as the base for determina-
tion of the context are not limited, and hence the present
embodiment 1s excellent 1n scalability. In addition, the
communication protocol itself 1s not changed, and hence the
present embodiment has the advantage of being easily
combined with existing technologies.

Second Embodiment

In the first embodiment, 1n consideration of the current
situations of the host device and the device of the commu-
nication partner, the communication parameter that 1s appro-
priate 1 the situations 1s determined. However, in the
present embodiment, the communication parameter 1s deter-
mined based only on the situation of the host device. That 1s,
in a wireless communication device according to the present
embodiment, the surrounding situation of the wireless com-
munication device 1s determined from information obtained
from a plurality of sensors thereon, and candidates for the
communication parameter that are appropriate 1n the deter-
mined surrounding situation are determined by referring to
the learning database.

FIG. 7 1s a view showing the functional configuration of
the wireless communication device according to the present
embodiments. When compared with the first embodiment
(FIG. 1), the second embodiment 1s different from the first
embodiment 1n that the other vehicle information collection
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section 12 1s omitted, and the configuration of the second
embodiment 1s otherwise the same as that of the first

embodiment.

In addition, the details of processes according to the
present embodiment are basically the same as those of the
first embodiment. Each of FIGS. 8A and 8B 1s a flowchart
showing an example of a method for creating the historical
database 5 (learning process) in the present embodiment.
Although the processes are also similar to those of the first
embodiment (FIGS. 5A and 5B), the processes of the second
embodiment are different from those of the first embodiment
in that the sensor mformation acquired 1n Step S601 and
Step S611 15 only the sensor information of the host vehicle.
In addition, the second embodiment 1s different from the first
embodiment 1n that the determination of the context 1s not
based on the surrounding situations of the host device and
the device of the commumnication partner but 1s based only on
the surrounding situation of the host device. Accordingly,
the second embodiment 1s different from the first embodi-
ment in that the definition of the context 1s based only on the
surrounding situation of the host device, and a person skilled
in the art would understand the method for defining the
context based only on the surrounding situation of the host
device from the above description.

FIG. 9 1s a flowchart showing an example of a commu-
nication parameter determination process in the present
embodiment. The process 1s similar to the process 1n the first
embodiment (FIG. 6), but the process 1s different from the
process 1n the first embodiment 1n that the sensor informa-
tion acquired 1n Step S701 1s only the sensor information of
the host vehicle. In Step S702, the context 1s determined
based only on the sensor information (surrounding situation)
of the host device. The detail of the process subsequent to
this 1s the same as that of the first embodiment.

The configuration and the detail of the process other than
those described above are the same as these of the first
embodiment.

According to the present embodiment, although accuracy
1s lower than that 1n the first embodiment, it 1s possible to
determine the appropriate communication parameter spend-
ing to the surrounding situation by the simpler process.

Third Embodiment

In the first and second embodiments described above, the
communication parameter and the commumication perfor-
mance are associated with each other and stored for each
context, and the communication parameter that improves the
communication performance 1s selected in each context. In
the present embodiment, the context 1s defined on the basis
of the communication performance. That 1s, the context is
defined such that the communication parameters that allow
the best communication performance are identical with each
other 1n one context.

Hereinbelow, a description will be given based on a
specific example. For simplification of the description, only
the modulation scheme and packet length are considered as
the communication parameters. Examples of the modulation
scheme include three types of BPSK, QPSK, and 16QAM,
and examples of the packet length include 2 types of 100
bytes and 1000 bytes. These are combined and six combi-
nations are assumed.

As the sensor information 1tems of the vehicle, three types
of the reception power, the moving speed, and a channel
mode are used. The channel mode indicates, e.g., whether
the area 1s the urban area, the suburban area or the rural area,
and whether the road is the highway, the national road, or the
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general road. Herein, consideration 1s given to one-to-one
communication, these sensor information i1tems are used for
both of the transmission side and the reception side.

Next, a description will be given of a process of creating
the historical database 5 (learning process) based on the
sensor information and the commumication parameters
described above with reference to FIG. 10. Herein, although
an example i which simulation 1s used instead of actual
measurement 1s described, the same process can be executed
by using the actual measurement.

First, any situation 1s assumed (S501). That 1s, the recep-
tion power, the moving speed, and the channel mode are
determined for both of the vehicles that perform the com-
munication. Subsequently, in this situation, the communi-
cation performances 1 a case where adoptable communi-
cation parameters (s1x combinations mentioned above) are
adopted are calculated by a commumication simulator
(5502). Note that the same communication performances as
those described 1n the first embodiment can be adopted. In
addition, as the communication simulator, any existing
simulator can be used. Then, the communication parameter
that allows the best communication performance in the
situation assumed 1n Step S501 1s determined (S3503). The
process from Step S501 to Step S503 1s repeated the number
of times corresponding to the number of assumed situations.

Next, a classifier that determines which communication
parameter 1s optimum 1n a case where any situation 1s given
1s created by machine learning with data obtained by the
above process used as traiming data (S504). That 1s, the
combination of the communication parameters 1s used as
one class, and a multi-class classifier that classifies the
situation 1nto six classes 1s created on the basis of the
communication parameter that allows the best communica-
tion performance. The creation of such a classifier 1s allowed
by the existing description and, for example, methods such
as the neural network, the SVM (support vector machine),
the Bayesian filter, or the decision tree may appropriately be
adopted.

FIG. 11 1s a view showing an example of the decision tree
created by the machine learning. In the drawing, each square
in a solid line indicates the situation of the host vehicle, and
cach square m a dotted line indicates the situation of the
device of the communication partner.

According to the present embodiment, 1t 1s also possible
to determine the appropriate communication parameter
according to the situations of the host vehicle and the vehicle
of the communication partner.

Note that, 1n the example described herein, one optimum
communication parameter 1s selected according to the situ-
ations of the host vehicle and the vehicle of the communi-
cation partner. In this point, the third embodiment 1s different
from the first embodiment in which the candidates for the
appropriate communication parameter are determined
according to the situation and one communication parameter
1s determined from among the candidates according to the
requirement of the application. However, by changing the
present embodiment, it 1s possible to realize the same
configuration as that of the first embodiment. That 1s,
similarly to the case described above, by creating the multi-
class classifier by using the combination of a plurality of
preferable communication parameter (or one preferable
communication parameter) as one class, 1t 1s possible to
determine the candidates for the communication parameter
according to the situation and select the communication
parameter that 1s actually used from among the candidates
according to the requirement of the application, similarly to
the first embodiment.
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Although the communication performance when the com-
munication 1s performed by using each communication
parameter 1n each situation 1s determined by using the
communication simulator, 1t would be apparent that 1t 1s
possible to create the similar classifier by measuring the
communication performance by using various communica-
tion parameters 1n the actual environment.

In addition, 1n the example described herein, although the
context 1s determined based on the surrounding situation of
the host device and the surrounding situation of the com-
munication partner, in the present embodiment as well, the
context may also be determined based only on the surround-
ing situation of the host device.

REFERENCE SIGNS LIST

1 wireless communication device

2 sensor

3 sensor information collection section

4 map information storage section

5 historical database

6 context determination section

7 communication parameter candidate determination sec-
tion

8 application program

9 communication control section

10 wireless communication section

11 historical data transmission/reception section

12 other vehicle information collection section

The invention claimed 1s:
1. A wireless communication device that 1s associated
with a vehicle and capable of changing a communication
parameter to be used according to a surrounding situation,
comprising;
surrounding situation determiner configured to determine
a host surrounding situation of a host device based on
a set of information;

communication partner surrounding situation acquirer
configured to acquire a partner surrounding situation
from a partner wireless communication device of a
communication partnetr,

communication parameter determiner configured to deter-

mine candidates for the communication parameter that
are appropriate 1n the host surrounding situation of the
host device and the partner surrounding situation of the
communication partner, and to determine the commu-
nication parameter for use 1 communication from
among the candidates based on a requirement of the
communications;

wireless communicator configured to perform communi-

cation by using the communication parameter deter-
mined by the communication parameter determiner;
and

a learning database that stores, in association with each

other, a first surrounding situation of a first wireless
communication device mounted on a first vehicle, a
second surrounding situation of a second wireless com-
munication device mounted on a second vehicle, a
predetermined communication parameter determined
by the communication parameter determiner, and a
communication performance in communication per-
formed between the first communication device and the
second communication device by using the predeter-
mined communication parameter,

wherein the communication parameter candidate deter-

miner determines the candidates for one or a plurality
of the communication parameters for each of a trans-
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port layer, a network layer, a data link layer, and a
physical layer, the one or a plurality of the communi-
cation parameters mncluding modulation level, and the
candidates for a communication parameter of modula-
tion level include a set of modulation levels from which
the highest modulation level 1s excluded.

2. The wireless communication device according to claim

1, further comprising a storage device that stores, 1n asso-
ciation with each other, the first surrounding situation of the
first wireless communication device mounted on the first
vehicle, the second surrounding situation of the second
wireless communication device mounted on the second
vehicle, the predetermined communication parameter, and
the communication performance in communication per-
formed between the first communication device and the
second communication device by using the predetermined
communication parameter,

wherein the communication parameter determiner 1s con-
figured to refer to the storage device.

3. The wireless communication device according to claim

1, turther comprising;:

historical information storage configured to store, 1n asso-
ciation with each other, the communication parameter
and the communication performance and current sur-
rounding situations of the host device and the commu-
nication partner as historical information;

historical information transmitter configured to transmit
the historical information stored in the historical infor-
mation storage to a server device; and

historical 1nformation communicator configured to
receive the historical mmformation accumulated in the
server device.

4. The wireless communication device according to claim

1, wherein the host surrounding situation includes a position
ol a host vehicle, a speed of the host vehicle, and a number
of vehicles surrounding the host vehicle.

5. The wireless communication device according to claim

1, wherein the communication parameter determiner 1s fur-
ther configured to determine the communication parameter
based on the host surrounding situation and communication
performance of the host device and the partner surrounding
situation and the communication performance of the com-
munication partnet.

6. A wireless communication method capable of changing

a communication parameter to be used according to a
surrounding situation, comprising:

a surrounding situation determination step of determining
a host surrounding situation of a host device by cat-
egorizing the surrounding situation;

a communication partner surrounding situation acquisi-
tion step ol acquiring a partner surrounding situation
from a partner wireless commumnication device of a
communication partner;

a communication parameter determination step of deter-
mining the communication parameter for use 1n coms-
munication from among candidates based on a require-
ment of the communication; and

a wireless communication step of performing communi-
cation by using the communication parameter deter-
mined 1n the communication parameter determination
step,

wherein the method further comprises referring to a
learning database that stores, 1n association with each
other, a first surrounding situation of a first wireless
communication device mounted on a first vehicle, a
second surrounding situation of a second wireless com-
munication device mounted on a second vehicle, a
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predetermined communication parameter determined
in the communication parameter determination step,
and a communication performance 1 communication
performed between the first communication device and
the second communication device by using the prede-
termined communication parameter,

wherein the host surrounding situation includes at least

one of: a speed of a host vehicle, an acceleration of the
host vehicle, or a number of vehicles surrounding the
host vehicle, and

wherein candidates for one or a plurality of the commu-

nication parameters are determined for each of a trans-
port layer, a network layer, a data link layer, and a
physical layer, the one or a plurality of the communi-
cation parameters including modulation level, and the
candidates for a communication parameter of modula-
tion level include a set of modulation levels from which
the highest modulation level 1s excluded.
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7. The wireless communication method of claim 6,
wherein the communication parameter determination step
includes referring to a storage device that stores, in asso-
ciation with each other, the first surrounding situation of the
first wireless communication device mounted on the first
vehicle, the second surrounding situation of the second
wireless communication device mounted on the second
vehicle, the predetermined communication parameter, and
the communication performance in communication per-
formed between the first communication device and the
second communication device by using the predetermined
communication parameter to determine candidates for the
communication parameter that are appropriate 1n the host
surrounding situation of the host device and the partner
surrounding situation of the communication partner.
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